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Manuel Gómez1, Francesco Macchione2 and Beniamino Russo3 
 
 
ABSTRACT 
 
Storm water systems are typically designed to prevent the risks and damages due to the floods 
from storm events. Moreover an efficient surface drainage is an essential condition to keep a good 
and safe street service level. A good design of surface drainage systems requires a satisfactory 
knowledge on storm frequency, gutter flow and inlet capacity. Without an adequate regard for the 
surface drainage system, some new expansive hydraulic structures could not work satisfactorily only 
because water is not getting inside the network where it was supposed. For this reason it is necessary 
to elaborate detailed studies related to surface runoff and inlet hydraulic capacity, in order to 
describe adequately the hydraulic behaviour of urban streets. 
At present it is possible to use the most common hydrological models to obtain important 
information to determine the risk level of the street in terms of flooding and the ratio of stormwater 
introduced in the sewer system. In this paper an overview on different methodologies to carry out 
this type of study and comparative analysis among them are presented. Moreover the results of a 
two-dimensional model for simulating the urban surface runoff are shown. 
 
 
1. INTRODUCTION 
 
Frequently surface runoff is not fully conveyed to the storm sewers for the lack of an efficient 
system of drainage inlets. Inadequate capacity of surface drainage systems may produce flooding in 
urban areas and problems associated to pedestrian and traffic activities (aquaplaning, splash, 
dragging and overturning phenomena on vehicles and pedestrians). Actually sewer city planners 
carry out detailed simulations about the behavior of the sewer system in case of storm. On the basis 
of the simulation results they make several decisions to regulate flows in terms of quantity and 
quality and design new structures in order to avoid floods and overflows.  
 Adequate surface drainage is an essential condition to collect entirely urban runoff to storm 
sewer system; contrariwise, new and expensive hydraulic structures will not work the way they were 
planned only because stormwater is not getting inside the sewerage system where it was supposed. 
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For this reason detailed studies of the surface drainage systems and the hydraulic behavior of 
streets and gutters are unavoidable previous conditions to carry out simulations of the urban runoff 
and of the flow in the sewer system. Particularly it is possible to relate the inlet system design to the 
risk criteria or performance service levels of a street that a public Administration want to fulfill. 
Normally risk criteria related to surface runoff consist of fixing limitations of flow depth and 
flow velocity or the combination of them (Russo et al., 2005). 
Actually it is possible to use the most common hydrological and hydraulic models to obtain 
important information to determine the risk level of the street in terms of flooding. Particularly it is 
possible to determine accurately the amount of stormwater introduced in the sewer system by one-
dimensional simulations. In this paper an overview on different methodologies to carry out this type 
of study and comparative analysis among them are presented. Moreover the results of a two-
dimensional model for simulating the urban surface runoff are shown. 
 
 
 
2. HYDROLOGICAL SOFTWARES CONSIDERED IN THIS STUDY 
 
At present, several hydrological softwares are available in the technical context. Some of these 
models were created with the aim to simulate rainfall-runoff processes and other ones to simulate 
sewer system flow too. The models can be used to carry out simulations in tree-type and looped 
urban areas (Figure 1). Softwares such as HEC-1, HEC-HMS (Hydrological Modelling System by 
Hydrological Engineering Center of U.S. Army Corps of Engineers), SWMM5.0 (U.S. EPA), 
MOUSE (DHI) can be used to simulate the rainfall-runoff processes of tree-type or looped street 
network using a one-dimensional approach. In this type of study a whole urban catchment (streets, 
sidewalks and squares) is represented as a series of hydrological sub-catchments limited by two 
adjacent inlets. Information on hydraulic efficiency of the surface drainage structures is necessary to 
study correctly the hydraulic behavior of the streets and several models allow introducing these data. 
 
 
 
Figure 1 Types of networks. 
 
2.1 HEC-HMS 
 
HEC-1 and HEC-HMS were designed to simulate essentially rainfall-runoff processes of tree-
type systems. It is possible to represent a whole urban catchment by a series of sub-catchments 
limited by two adjacent inlets. Inlet can be represented in HEC-HMS by a “flow diversion” and its 
hydraulic efficiency can be characterized by a table representing the discharge approaching to the 
inlet and the related captured flow (Figure 2). Rainfall-runoff and open-channel routing can be 
simulated by the kinematic wave method. Real cases were studied by this methodology. 
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Figure 2 Diversion characterization for HEC-HMS model according to inlet hydraulic efficiency. 
 
Figure 1 presents graph and table about hydraulic efficiency of a common grate (named grate 
413) used in Barcelona city (see figure 3). These types of graphs are characteristic of the grate kind 
and the geometry of the roadway (longitudinal and transversal slopes, roadway width, etc.). 
 
 
 
Figure 3 Type grate 413. A common grate used in Barcelona city. 
 
2.2 EPA SWMM5.0 
 
The EPA SWMM5.0 (Storm Water Model Management Version 5.0 by U.S. Environmental 
Protection Agency) is a dynamic rainfall-runoff simulation model used for simulation of runoff 
quantity and quality from primarily looped or tree-type sewer systems. The runoff component of 
SWMM operates on a collection of subcatchment areas that receive precipitation and generate 
runoff (nonlinear reservoir). The routing portion of SWMM transports this runoff through a system 
of pipes and channels using kinematic or dynamic wave. It is possible to describe the hydraulic 
behavior of a street considering it as an open channel and characterizing the inlets as “divider 
nodes” according to hydraulic efficiency data. As the HEC-HMS case, this element can be 
represented by the ratio between total discharge approaching to the inlet and the captured flow. 
In the Figure 4, table and graph about hydraulic efficiency of the grate type 413 (also analyzed 
by HEC-HMS simulation) are presented for the same geometric conditions. 
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Figure 4 Node divider characterization for SWWM5 model according to inlet hydraulic efficiency. 
 
2.3 MOUSE 2005 
 
The MOUSE software (by Danish Hydraulic Institute) is another advanced and comprehensive 
surface runoff, open channel flow and pipe flow modeling package for tree-type or looped urban 
drainage systems. Studying the open channel flow of the street and extracting the corresponding 
hydrographs due to the presence of inlets it is possible to determine the correct hydraulic behavior of 
an urban area. MOUSE uses in this case an “indirect” relation to determine the captured flow 
(hydraulic depth of the flow / captured flow) because inlets must be inserted and characterized as 
weirs. As shown in the Table 1, all hydrological models presented in this paper might be used to 
simulate the hydraulic behaviour of an urban street in case of storm. 
  
Table 1 Possible approaches to simulate flooding in urban areas by some softwares. 
 
 HEC-HMS SWMM5.0 MOUSE 2005 
Rainfall-runoff 
transformation Kinematic wave Nonlinear reservoir Kinematic wave 
Routing process Kinematic wave flow Kinematic and dynamic wave flow  
Implicit, finite difference 
numerical solution of the 
basic 1D free surface flow 
equations (Saint Venant) 
System layout Tree-type  Tree- and  looped-type 
Tree- and  
looped-type 
Inlets 
representation 
Diversion elements 
characterized by tables 
inflow/diverted flow 
Divider nodes 
characterized by 
tables inflow/outflow 
Weir characterized by a 
relation between hydraulic 
depth and captured flow 
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3. REAL CASES STUDIED USING HEC-HMS MODEL 
 
Barcelona is located in the Mediterranean area in the North of Spain and due to its geographic 
position, suffers from some hydrological problems. In specific points of the city, floods are very 
frequent (the fast growth of the city, the great difference between the slopes in the up and down-city 
and the intensive local storms are only some of the adverse conditions). 
Some real cases of flooding concerning Barcelona city were carried out using HEC-HMS 
model. Urban catchments in the downtown area were considered as: 
 
• Muntaner Street 
• Sicilia Street 
• Eixample district in Barcelona 
 
In these cases the actual situation was analyzed in the diagnostic phase and solution were 
proposed in terms of new inlet systems. 
The most important phases to design a correct inlet system could be summarized in the 
following steps: 
 
• Study of the hydraulic efficiency of the surface drainage elements; 
• Study of the hydraulic behavior of the catchment in the diagnostic phase for the return 
periods of 10 and 100 years; 
• Choice of the safety criteria and performance standards; 
• Design of the inlet system and verification of the hydraulic behavior of the urban catchments 
in the prognostic phase according to the safety criteria. 
 
It is a good practice to design an inlet system considering a storm with a return period of 10 
years and analyse the same system for a storm of 100 years. 
Normally performance service levels of the street might be guaranteed for the first hyetograph 
and safety criteria fulfilled for the second one (Russo et al., 2006). 
 
3.1 Muntaner street 
 
Muntaner is one of the most important streets of Barcelona and its section between Augusta 
Avenue and Herzegovina Street does not present any road drainage grates so flooding and hazards 
for pedestrian and vehicular circulation may occur during storm events.  
The catchment was schematized as in Figure 5 and its hydraulic behavior was analyzed for the 
Barcelona hyetographs corresponding to the return period of 10 and 100 years (Figure 6). These 
hyetographs were elaborated by the discretized Chicago methodology and the intensity-duration-
frequency family curves of Barcelona. 
On the basis of this data, the necessary number of inlets for performance service levels 
fulfillment associated to the surface runoff was calculated (Gómez and Russo, 2004). 
 
  6 
 
 
 
 
 
 
Figure 5 Muntaner catchment and hydrological schematization. 
 
 
 
Figure 6 Barcelona hyetographs used for the simulations. 
 
The kinematic wave model was utilized in this work by the HECMOD software. HECMOD is 
a Hec-1 modified version for urban catchments. It was developed by Flumen-UPC in 2002 and 
allows simulating the surface runoff in urban catchments. HECMOD admits the triangular shape for 
the gutter flow, consents higher precision than Hec-1 (U.S. Army Corp of Engineers, 1998) in terms 
of results data and allows considering more planes to simulate correctly runoff, inlet collection and 
street flow (Figure 7). 
HECMOD allows introducing inlets in the models considering them as diversions (hydrograph 
extractions). Efficiency of the grates in the lateral streets was analyzed previously and the data were 
inserted in the software. 
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Figure 7 Coupled process analyzed in the simulation by HECMOD. 
The street performance service levels adopted in case of storm for a return period of 10 years 
were: 
• Maximum flow depth (ymax) = 3  cm 
• Maximum flow velocity (vmax) = 1 m/s 
 
Grate EBRO (Figure 8) was chosen for the hydraulic rehabilitation of the street and the 
number of inlets (86) necessary to fulfill performance service levels was calculated. Its efficiency 
curves were calculated for each geometric condition. Figure 9 shows the graphs of the flow 
evolution in some critical points of the analyzed catchment. 
 
 
 
 
 
 
 
 
 
Figure 8 EBRO inlet. 
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Figure 9 Evolution of the circulating flows in the gutter in the diagnostic and prognostic phases. 
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3.2 Sicilia street 
 
In the last years a big effort has been done to increase the capacity of the Barcelona city 
sewers and the volume provided by the storage facilities, but in some areas there are still flood 
problems although the sewer capacity shows to be enough and the problem seems to be the lack of 
inlets. This is the case of the North bus-station area that is located in a lowland area. Principally 
three important streets of Barcelona (Nápoles, Cerdeña and Sicilia) convey stormwater to this area 
(Russo et al., 2005). 
In order to solve the problem of flooding in this area, a specific 1D hydraulic analysis was 
elaborated and some simulations of the pipe behavior were carried out by MOUSE model. The 
results of the simulations showed that local pipes had sufficient capacity so the floods were caused 
by a lack of inlets. The surface hydraulic behavior of the catchment of Sicilia Street was carried out 
by HECMOD model according to the hypothesis of kinematic wave (Figure 10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 The catchment of Sicilia Street and the main crossroads were made evident in the map (all 
the streets that convey meteoric water in Sicilia Street were considered too). 
 
The main features of Sicilia catchments are:  
• Characteristic length: 2.298 Km 
• Ground level difference: 60.23 m 
• Slope range for the principal axis: 4 % - 1.6 % 
• Slope range for lateral streets: 0.1 % - 2.6 %  
Diagonal street
Travessera de Gràcia street
Gran Vìa street
Alì Bei street
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The aim of the diagnostic phase was to determine the actual hydraulic behavior of the 
catchment for storms with return period of 10 and 100 years (Figure 6) by HECMOD simulations. In 
order to achieve this aim, precise hydrological schematizations were carried out thanks to the 
accurate data of the GIS in CLABSA (the mixed company charged for the management of the sewer 
system of the city). In this study simulations considered the totality of the roadway section. 
The whole catchment analyzed was divided in a great number of sub-catchments (92 in the 
diagnostic phase) where the hydrological limits consist of a change of geometry conditions of the 
street, a presence of a crossroad or of an inlet, etc. Once the diagnostic phase was finished it was 
necessary to select the performance service levels for the street to design the new system of urban 
drainage inlets. At that time the municipality of Barcelona required: 
• Maximum flow depth (ymax) = 5 cm 
• Maximum flow velocity (vmax) = 1 m/s 
The design phase was done by these criteria for a storm with a return period of 10 years but 
the hydraulic behavior of the whole rehabilitated catchment was checked by a storm of return period 
T=100 years. To rehabilitate the catchment of Sicilia Street the grate E413 was chosen (Figure 11). 
The study of its efficiency was carried out for each geometrical condition present in the 
catchment (Fiigure 11). A security coefficient of 2 (for clogging, etc.) was used (Guo, 2000). 
 
 
 
Figure 11 Hydraulic efficiency of the Grate Type E413 for a specific street geometry. 
 
A new hydrological schematization was elaborated and the correct spacing among all the 
inlets of the catchment was calculates accurately. Particularly it was calculated that the number of 
necessary grate inlets E413 to limit the flows until fulfilling the performance service level of the 
street is 327. It means to reach a density of 180 m2/inlet versus the actual one of 542 m2/inlet. 
Finally it was possible to know the flow evolution in this catchment and the related values of 
some hydraulic parameters (water depth and velocity) responsible for the security of pedestrian and 
vehicular circulation (Table 2). 
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Table 2 Flow values in some critical points of the catchment analyzed.  
 
Diagnosis 
(T=10years) 
Diagnosis    
(T=100years)
Prognosis   
(T=10years) 
Prognosis     
(T=100years)FLOW 
at the main crossroads m3/s m3/s m3/s m3/s 
Sicilia -Travessera de Gràcia 0.043 0.071 0.043 0.071 
Sicilia – Diagonal 1.004 1.456 0.105 0.197 
Sicilia - Gran Vìa 1.069 1.669 0.085 0.155 
Sicilia - Alì Bei 0.920 1.551 0.049 0.108 
 
 
3.3 Eixample district 
 
In the third study a general approach was used (Gómez et al., 2005). The object of this study 
was the Eixample of Barcelona. The Eixample is the modernist district of the city. According to its 
urban design, the district presents a very regular scheme of the streets: large avenues cross 
themselves perpendicularly and present constant cross sections (Figure 12 and Figure 13). 
 In this case, on the basis of the study about the hydraulic efficiency of the most common 
grates used in Barcelona (Spaliviero and Way, 1998, Martínez and Gómez, 2000) a lot of 
simulations were filled considering different distances between two inlets, different approaching 
flows and different longitudinal and transversal slopes. Totally 2240 simulations were run by 
HECMOD software using Barcelona hyetograph for a storm with a return period of 10 years 
(Gómez et al., 2005).  
Particularly the following conditions were analyzed: 
• 7 different types of inlet 
• longitudinal slope from 0% to 10% (0%, 0.5%, 1%, 2%, 4%, 6%, 8%, 10%) 
• transversal slope from 0% to 4% (0%, 1%, 2%, 4%) 
• inlet spacing from 10 m to 100 (10m, 20m, 30m, 40m, 50m, 60m, 70m, 100m) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure12 Street geometry in the Eixample of Barcelona.  
Street 
geometry
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Figure13 The Eixample Modernist district of Barcelona. 
 
Considering a specific condition (fixed slopes, grate and spacing) a flow evolution as shown 
in the following figure is obtained (Figure 14). A circulating flow produced by a specific 
hyetograph, grows steadily up to a maximum value defined as stabilized flow. This parameter 
depends on the street geometry, the grate and the spacing between two inlets. The stabilization 
length of a specific inlet system is the length of road necessary to reach the characteristic value of 
the stabilized flow (Martínez and Gómez, 2000). 
 
 
 
Figure14 Flow evolution considering an inlet spacing of 80 m. 
 
In order to relate the study developed to performance service levels, a series of tables were 
filled with the data obtained (Table 3).  
The performance service levels of the streets considered in this study were: 
• Maximum flow depth (ymax) = 3 cm 
• Maximum flow velocity (vmax) = 1 m/s 
“Eixample District”
in Barcelona
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Table 3: Example of table obtained considering maximum flow depth ymax = 30 mm and maximum 
flow velocity = 1 m/s, longitudinal slope = 10%, transversal slope = 1%. Gray lines are forbidden 
due to no-fulfillment of the performance criteria. Qsta and Qcap are the stabilized flow and the 
captured flow by the inlet EBRO (Figure 8) at the stabilization length (L). 
 
Inlet spacing Qsta Qcap y v L 
(m) (l/s) (l/s) (mm) (m/s) (m) 
10 13 5 18 0,24 60 
20 56 10 30 0,62 440 
30 130 15 42 1,03 1140
40 218 20 51 1,42 1880
50 305 23 58 1,75 2250
60 388 27 63 1,87 2820
70 473 30 68 2,13 3430
100 687 37 76 2,79 4500
 
 
4. COMPARATIVE ANALYSIS AMONG THE DIFFERENT HYDROLOGICAL 
SOFTWARES 
 
The real cases proposed in the last section were studied by HEC software (HEC-1, HEC-HMS, 
HECMOD), but according to the section 2, it is possible to carry out this type of study considering 
other hydrological software too. 
With the purpose to prove possible differences in terms of results and the importance of them, 
a comparative study was carried out among the hydrological software presented in the section 2. 
The aim of the study was to determine the hydraulic behavior of a specific urban street in case 
of storm. 
The Chicago hyetograph used for the simulation (Figure 15) was carried out for a return 
period of 10 years considering Intensity-Duration-Frequency curve of Barcelona. 
 
 
 
Figure15 SWMM5.0 view of the hyetograph used for the simulation. 
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The urban street considered is divided into a series of hydrological sub-catchments limited by 
the presence of inlets or by a section presenting change in terms of geometric parameters (Russo et 
al., 2006). Different longitudinal slopes were adopted, while transversal slope was fixed to 2% 
(normative value adopted for Barcelona urban street). The widths of sidewalks and roadways were 
considered unchanged in the catchment. The inlet used was the grate type 413 and its efficiency was 
studied for each longitudinal slope present in the catchment (2%, 4%, 8%). A security coefficient of 
2 (for clogging, etc.) was used (Guo, 2000). 
 
 
 
Figure 16 Inlet efficiency for a longitudinal slope of 2% and a clogging factor of 2 
 
Spacing between two adjacent inlets was considered changing in order to vary sub-catchment 
drainage areas (40m, 50m and 100 m). In the Table 4 and Figure 17, geometric characteristics of the 
urban catchments are summarized. 
 
Table 4 Geometric characteristics of the urban sub-catchments analyzed 
 
Sub-catchment
Sidewalk 
width
Roadway 
width
Sub.basin 
Length
Transversal 
Slope
Longitudinal 
Slope
n. m m m % %
1 2 6 50 2 4
2 2 6 50 2 4
3 2 6 50 2 4
4 2 6 100 2 2
5 2 6 100 2 2
6 2 6 40 2 8
7 2 6 40 2 8
 
 
 
 
Figure 17 Geometry of the street analyzed (Dimensions in meters). 
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The simulation carried out by the three softwares showed a great similarity in terms of results. 
This study proves that it is possible elaborate an adequate study of the surface runoff in order to 
determine the risk level of the street due to flood and the amounts of flow not conveyed into the 
sewer system. In the following Table 5 and Figure 18, simulation results in terms of captured and 
circulating flows are shown. 
 
Table 5 Summary table of the simulation results. 
 
Roadway 
Section
Roadway flow 
HEC-HMS
Captured flow 
HEC-HMS
Roadway flow 
SWMM 5.0
Captured flow 
SWMM 5.0
Roadway flow  
MOUSE 2005
Captured flow 
MOUSE 2005
(l/s) (l/s) (l/s) (l/s) (l/s) (l/s)
SB1 30 30 30
D1 18 12 17 14 18 10
SB2 48 47 52
D2 34 14 33 14 39 13
SB3 64 63 60
D3 48 16 48 16 47 17
SB4 108 108 104
D4 86 22 86 22 82 22
SB5 146 146 155
D5 122 23 122 24 136 19
SB6 145 146 158
D6 126 19 126 19 139 19
SB7 150 150 162
106 109 100
Maximum values
Hydraulic behaviour of an urban street
 
 
Hydraulic behaviour of a roadway
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Figure 18 Simulations results for the three software used. 
 
 
5. TWO-DIMENSIONAL APPROACH TO STUDY HYDRAULIC BEHAVIOUR OF 
URBAN STREETS 
 
A two-dimensional code for numerical simulation of urban flooding is under construction in 
the LAMPIT laboratory, in order to evaluate punctually the hydraulic behavior of urban streets and 
the efficiency of drainage inlet system. Moreover such an approach can be a useful tool to evaluate 
locally the values of velocity and flow depth in order to assess the fulfillment of safety criteria. 
(Gómez et al., 2006) 
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This approach is based on the complete two-dimensional shallow water equations: 
 ( ) 
t
∂ +∇ ⋅ =∂
U F + G S  (1) 
 
in which:  
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where: 
t is time 
x and y are the horizontal coordinates 
h is the flow depth 
u and v are the depth-averaged flow velocities in x and y directions 
g is the acceleration due to gravity 
qrain and qdrain are the specific discharges due to the rain and lost because of inlets respectively 
S0x and  S0y are the bed slopes in x and y directions 
Sfx and Sfy are the friction slopes in x and y directions, which can be calculated from Strickler’s 
formula: 
 
 
2 2
2 4 / 3fx
u u vS
k h
+= ;         2 2
2 4 / 3fy
u u vS
k h
+=                                                                                                              (3) 
 
where: 
k is Strickler’s coefficient.  
A numerical code for the integration of system (1), based on finite volume method has been 
developed; the upwind finite volume HLLC scheme has been implemented in the code (Costanzo 
and Macchione, 2005). 
Some numerical applications of the code have been performed for a street having the typical 
geometry used in the Eixample area of Barcelona (Figure 12). 
 The longitudinal slope and the transversal slopes were put to 1%; the same slope was assumed 
for the sidewalks. As input the first hyetograph showed in Figure 6 was used, corresponding to 
Barcelona city for a return period of 10 years. 
The simulation was performed for a street reach having a length of 60 m and considering the 
inlets placed along the borders of the street and spaced every 10 m. Grates type R-121 (Figure 19) 
were considered as top of inlets. For the numerical simulation the reach of the street was discretised 
as a domain of 3120 cells with sides having lengths of 0.5 m.  
 
 
 
Figure 19 R-121 inlet. 
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The Figure 20 shows the runoff discharge along the street. The discharge obviously increases 
along the reaches included between two consecutive inlets and is abruptly dropped because of the 
discharge withdrawn by the inlet according to the efficiency equations. Note the similarity for the 
flow evolution with the Figure  14 for a 1D simulation. 
 
 
 
Figure 20 Discharge evolution on the street at t = 1400 seconds. 
 
Figure 21 shows the transversal profiles of flow depth immediately upstream of the last inlet, 
at time t=1400 s, while Figure 22 shows the velocity distribution on the half of the street platform 
and on the sidewalk. 
 
 
Figure 21 Transversal profile upstream the last inlet at 1400 seconds. 
  17 
 
Figure 22 Velocity pattern and depth profile for a half roadway at 1400 seconds. 
 
Figure 23 shows the velocity distribution in the case of totally clogged inlets. A comparison 
between figures 22 and 23 shows that spread corresponding to one-dimensional flow grows with the 
progressively increase of the discharge in the curb. 
 
 
 
Figure 23 Velocity pattern in the case of inlets totally clogged. 
 
 
A 
A 
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In order to relate the methodology carried out to the risk criteria associated to urban surface 
runoff, some risk maps were elaborated. In the following figures (Figures 24 and 25) maps of water 
depths and velocities are shown for streets with a spacing inlet of 10 m.  
 
 
 
Figure 24 Map of the hydraulic depths (mm) at 1400 seconds. 
 
 
 
Figure 25 Map of the velocities (m/s) at 1400 seconds. 
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5.1 Comparative analysis between two-dimensional approach and one-dimensional models 
 
In order to analyze the degree of agreement between two-dimensional approach and one-
dimensional models, several comparative simulations were carried out using HEC-HMS and Lampit 
models. 
A real case was analyzed too. A short conventional street of the Eixample district (Figure 13) 
was analyzed considering the grate type R-121 (Figure 19) and the following geometric conditions: 
• Street length: 60 m 
• Roadway width: 16 m 
• Sidewalk width: 5 m 
• Longitudinal slope: 1% 
• Transversal slope: 1% 
• Inlet spacing: 10 m 
 
The results have been summarized in the table 6 and Figure 26. 
 
Table 6 Comparison between the results obtained by the two simulations. 
 
Lenght Qcirc Qcap Qcirc Qcap
(m) (l/s) (l/s) (l/s) (l/s)
0 0 0 0 0
10 6,2 2,4 5 3
20 8,6 3,5 8 4
30 9,8 4,0 9 4
40 10,6 4,3 10 4
50 11 4,5 10 4
60 11 4,5 10 4
HEC-HMS Model2D Model 
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Figure 26 Comparative graph of the circulating flow on the street. 
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6. CONCLUSIONS 
 
Lack of inlets or poor efficiency of the surface drainage systems are often the origin of 
flooding in urban areas. 
Sewer city planners can build new structures that may not work the way they were planned 
only because water is not getting inside the sewer systems. 
Actually it is possible to use the most common hydrological models to obtain necessary 
information to determine the risk level of the street in terms of flooding and the ratio of stormwater 
introduced in the sewer system. 
Comparative analyses among different hydrological models were carried out and similarity of 
the results obtained has been shown. 
In order to study street hydraulic behavior by a two-dimensional approach, a numerical code is 
under construction in the Lampit laboratory. Several simulations have been carried out and the first 
results show a good similarity with 1D simulations. 
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